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ABSTRACT 

BACKGROUND: Guayusa (Ilex guayusa Loes.) leaves, native of the Ecuadorian 
amazon, are popularly used for preparing teas. This study aimed to assess the influence 
of leaf age on the phenolic compounds and carotenoids, and the bioactivity and 
digestibility (in vitro) of aqueous and hydroalcoholic leaf extracts. 

RESULTS: In total, 14 phenolic compounds were identified and quantified. 
Chlorogenic acid and quercetin-3-O-hexose were the main representatives of the 
hydroxycinnamic acids and flavonols, respectively. Seven carotenoids were quantified, 
lutein was the main compound. Ripening affected significantly phenolic content, but 
there was no significant difference on carotenoid content. Antioxidant capacity, 
measured by DPPH method, was also significantly affected by leaf age. The 
measurement of in vitro digestibility showed a decrease in the phenolic content (59%), 
as well as antioxidant capacity, measured by ABTS-* method, in comparison with initial 
conditions of the guayusa infusion. Antibacterial and anti-inflammatory activities were 
assayed with young leaves due to its higher phenolic contents. Guayusa did not show 
any antibacterial activity against E. coli ATCC 25922 or S. aureus ATCC 25923. 
Finally, the hydroalcoholic and aqueous extracts exhibited a high in vitro anti- 
inflammatory activity (>65%). 

CONCLUSION: Guayusa young leaves have potential applications as functional 


ingredient for food and pharmaceutical industry. 


Keywords: Ilex guayusa Loes., ripening, phenolic compounds, carotenoids, in vitro 


digestibility, hyaluronidase inhibition. 
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INTRODUCTION 

Nowadays, there is a growing tendency to study bioactive compounds (i.e. polyphenols 
and carotenoids) of natural origin, mainly from plants. According to Slavin and Lloyd', 
this interest is mainly due to the beneficial effects of plant-derived bioactive compounds 
on human health. In this context, South America has a wealth of underexploited native 
plants of great interest for food technology, science and industrial applications, with 
many nutritional and functional properties yet to be uncovered. 

Guayusa or Wayusa (Ilex guayusa Loes.) is a domesticated native plant of the Amazon 
that grows in southern Colombia, Ecuador and northern Peru. This plant has been 
consumed ancestrally by different ethnic groups and indigenous nationalities, mainly 
Jivaros, for its medicinal properties. Studies have demonstrated the importance of 
guayusa within the ancestral knowledge for its stimulating and purgative capacity. * 

One of the major bioactive groups of constituents of Ilex spp. are phenolic compounds, 


widely studied because of their health-promoter activities. * > 


In general, 
phytochemicals are the responsible of the bioactive properties of vegetables, playing an 
important role on health. Indeed, the experiences of traditional therapy, such as 
preventing lung and liver diseases, have shown that species of the genus Ilex could be 
potential remedies for the modern diseases.’ 

On the other hand, several biochemical reactions occur during ripening, affecting the 
levels of phytochemicals which are responsible of the characteristics of mature fruit and 
plants. Throughout senescence, there is an increment in the formation of reactive 
oxygen species (ROS) and it is possible that secondary metabolism may be activated in 
order to continue cell repair mechanisms depending if secondary metabolites are needed 


in the cell repair process or not.* Blum-Silva et al.°, demonstrated that the content of 


total phenolic compounds on yerba mate (Ilex paraguariensis), a plant related with 
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guayusa’, is higher at early stages of maturity and gradually decreases with ripening. 
This could give an indication on plant diversity in terms of phytochemical composition, 
which is relevant for its future use as a raw material for the production of bioactive 
interesting compounds. 
Although the benefits of genus Ilex are well established through numerous studies, there 
is no evidence of how the ripening stage could influence the content of bioactive 
components (e.g., polyphenols and carotenoids) and its properties in Ilex guayusa Loes. 
Hence, the purposes of this study were: 
1. To determine the effect of ripening on phytochemical composition (polyphenols 
and carotenoids) and in vitro antioxidant capacity of guayusa leaves. 
2. To evaluate the stability of phenolic compounds under simulated gastrointestinal 
conditions and associated changes in antioxidant capacity. 
3. To assess the antibacterial and in vitro anti-inflammatory properties of the 


guayusa leaves with higher phenolic contents. 


MATERIALS AND METHODS 

Plant material 

Plants of guayusa reach the harvesting maturity at 4 years of age, then, leaves must be 
collected up to twice a year, every 4 to 6 months.!° '! Consequently, for the purposes of 
this study, the leaves were selected in their initial stage of maturation (2-month old) and 
when they were ready to harvest (6-months old). Leaves were collected in Pastaza 
province, North West of Ecuador, and stored at -18 °C until freeze-drying in a 
lyophilizer (Stokes, Germany). After drying, the size of the leaves was reduced to 4mm 


particles, using a hammer mill Condux D6451 (Karl Kolb — Frankfurt, Germany). 
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Standards, chemicals and solvents 

The standards gallic acid, 5-O-caffeolyl-quinic acid, quercetin 3-O-rutinoside. B- 
carotene was purchased from Sigma-Aldrich (Steinheim, Germany). Violaxanthin, a- 
carotene and lutein were isolated from natural sources by classical chromatographic 
techniques. !* 

Monobasic sodium phosphate, dibasic sodium phosphate, 2,2-diphenyl-1-picrylhidracyl 
radical (DPPH), 2,2-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) diammonium 
salt (ABTS-*), 2,2'-azobis(2- methylpropionamidine) dihydrochloride (AAPH), Folin 
Ciocalteu’s reagent, fluorescein (free acid), pepsin porcine, pancreatin, bile salts, 
hyaluronidase and indomethacin were obtained from Sigma—Aldrich (Steinheim, 
Germany), while 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) was 
purchased from Fluka Chemika (Neu-Ulm, Switzerland). Bovine serum albumin was 


purchased from Gibco (New York, USA). 


Total phenolics content (TPC) 

The total phenolic content was determined following the Folin-Ciocalteau method.!? 0.2 
g of young and mature freeze-dried leaves were extracted with 10 mL of acetone (70%) 
in an ultrasonic bath (Branson 2510, Branson Ultrasonic Cleaner, USA), during 30 min 
and shaken with a magnetic stirrer during 20 min at room temperature; finally, the 
extracts were filtered under vacuum and stored at -18 °C. 500 uL of the extracts, were 
dissolved with 2.5 mL of Folin-Ciocalteau reagent (10% v v’'). The mixture was shaked 
with a vortex and allowed to stand for 2 min before adding 2 mL of sodium carbonate 
solution at 75 g L"!. After 15 minutes of incubation at 50 °C, the absorbance of the 
solutions was measured at 760 nm on a Shimadzu UV-160A spectrophotometer (Kyoto, 


Japan). For the quantification, a calibration curve of gallic acid (10-100 ppm) was 
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prepared under the same conditions. The results were expressed as g gallic acid 


equivalents (GAE) Kg"! DW (dried weight). 


Identification of phenolic compounds by HPLC-DAD-ESI/MS" and quantification 
by HPLC-DAD 

The extraction and analysis of phenolic compounds were performed using the method of 
Gironés-Vilaplana et al.'* In relation to the identification, it was carried out by HPLC— 
DAD-ESI/MS° analyses, using an Agilent HPLC 1100 series model equipped with a 
photodiode array detector and a mass detector in series (Agilent Technologies, 
Waldbronn, Germany). The equipment consisted of a binary pump (model G1312A), an 
autosampler (model G1313A), a degasser (model G1322A), and a photodiode array 
detector (model G1315B). The HPLC system was controlled by Chem-Station software 
(Agilent, version 08.03). The mass detector was an ion trap spectrometer (model 
G2445A) equipped with an electrospray ionization interface, and was controlled by 
LCMSD software (Agilent, version 4.1). The ionization conditions were 350 °C and 4 
kV, for capillary temperature and voltage, respectively. The nebulizer pressure and 
nitrogen flow rate were 65.0 psi and 11 L min’, respectively. The full-scan mass 
covered a range of 100 to 1200 m/z. Collision-induced fragmentation experiments were 
performed in the ion trap using helium as collision gas, with voltage ramping cycles 
from 0.3 to 2 V. MS data were acquired in the negative ionization mode. The MS" was 
done in the automatic mode on the more abundant fragment ion in MS (n -1). 

For the quantification, the HPLC-DAD system (Agilent 1220-Infinity LC) was used. 
Compounds separation was carried out using a Luna C18 column (25 cm x 0.46 cm, 5 
uum particle size) (Phenomenex, Macclesfield, UK). The individual phenolic compounds 
were tentatively identified following their characteristic UV-Visible spectra, order of 


elution (Retention time (Rt)), and compared with standards previously established in the 
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HPLC-DAD-ESI-MS" method. Hydroxycinnamic acids were quantified using 
chlorogenic acid (5-O-caffeolyl-quinic acid) as a standard at 330 nm, and flavonols 
using rutin (quercetin 3-O-rutinoside) as a standard at 360 nm. All the samples were 
extracted in triplicate and injected three times. The results were expressed as g Kg"! 


DW. 


Identification and quantification of carotenoid compounds by Rapid Resolution 
Liquid Chromatography (RRLC) 

The extraction, saponification and analyses of carotenoids were carried out according to 
the method described by Stinco et al.!° The extracts were saponified to eliminate the 
chlorophylls. The saponification conditions were: methanolic KOH solution (30 g 100 
mL") for 1 h under dim light at room temperature. Then, samples were washed with 
water in order to remove any trace of the alkaline solution. The colored 
dichloromethane extracts obtained were concentrated to dryness in a rotary evaporator 
at temperature below 30 C and dissolved in 100 L of ethyl acetate prior to their 
injection in the RRLC system. All the samples were extracted in triplicate. The 
identification was made by comparison of their chromatographic and UV-vis 
spectroscopic characteristics with those of standards. Meanwhile, the quantification was 
carried out by external calibration from the chromatographic peak areas at 450 nm. The 


results were expressed as gg! DW. 


Antioxidant capacity 

DPPH method 

The 2,2-diphenyl-1-picrylhydrazyl radical has a deep purple color and shows a strong 
absorption at a wavelength of 515 nm. The reactions of the antioxidants with DPPH are 
based on the electron transfer that allows the use of analytical methods for monitoring 


the color change from purple to yellow. DPPH’ test was performed according to the 
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method described by Mena et al.'° Extracts were prepared with 3% formic acid in 
methanol (1:4 w v'!) for 24 h at 4 °C. Then, the extracts were filtered, the methanol was 
removed with a rotary evaporator (35 °C), and the residues redissolved in acidified 
water (3% formic acid). The reaction was started by adding 2 uwL of the corresponding 
diluted sample to the well containing 250 uL of 6 x 10° mol L7! methanol DPPH’ 
solution. The decrease in absorbance was determined at 515 nm at 0 min and after 50 


min of reaction with DPPH’. 


Oxygen radical absorbance capacity (ORAC) method 

The ORAC assay was performed according to Ou et al.'’ Briefly, the reaction was 
carried out at 37 °C in 10 mM phosphate buffer (pH 7.4) and the final assay mixture 
(200 wL) contained fluorescein (1. M), 2,2'-azobis(2-methyl-propionamidine)- 
dihydrochloride (250 mM) and antioxidant (Trolox [10 - 200 M] or guayusa samples 


[at different concentrations]). 


DPPH’ and ORAC assays were performed using 96-well micro plates (Nunc, Roskilde, 
Denmark) and an Infinite® M200 microplate reader (Tecan, Grédig, Austria). The 


results were expressed as mmol Trolox 100g"! DW. 


ABTS:* method 

The method proposed by Re et al.!®, was applied to evaluate the free radical scavenging 
capacity. This method is based on the formation of a blue/green radical cation by the 
oxidation of 7 mM ABTS-:* with 2.45 mM potassium persulfate. The mixture was 
allowed to stand in the dark at room temperature for 12 to 16 h before use. Addition of 
antioxidants to the radical cation reduced the ABTS-* depending on the antioxidant 
capacity, the concentration of the antioxidant, and the duration of the reaction. 


Therefore, the radical cation solution was freshly prepared on the day of analysis by 
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diluting the stock solution with pH 7.4 phosphate buffer to an absorbance of 0.70 + 0.02 
at 734 nm. 10 pL Trolox (0 to 2.5 uM) were added to 990 uL of the radical cation 
solution and the absorbance at 732 nm was measured to obtain a calibration curve at the 
incubation time optimized. This was compared with a blank where 10 uL of the 
antioxidant were substituted by a phosphate buffer at pH 7.4. The results were 


expressed as mmol Trolox 100g"! DW. 


In vitro digestibility 

Guayusa infusion preparation 

The infusion was obtained by the traditional preparation and consumption manner used 
by Amazonian communities!?, which uses old leaves because young ones disintegrate 
during the infusion, according to information provided by the leaf suppliers. Therefore, 
2 g of freeze-dried old leaves were mixed with 240 mL of distilled water and warmed 
up at to 92 °C for 5 minutes, to avoid boiling, and after 3-5 min. rest, the infusion was 


filtered under vacuum. 


In vitro digestibility of polyphenols 

In vitro digestibility was performed using the method of Tavares et al.”? and Ryan et 
al.”!, with slight modifications. To mimic oral phase, the original infusion (22 mL) was 
adjusted to pH 7 with 6 mL of artificial saliva (NaCl 6.2 g L'!, KCI 2.2 g L'!, CaCh 0.22 
g L*! and NaHCO; 1.2 g L") and incubated during 2 min at 37 °C with a shaking 
frequency of 100 oscillations min™!. Aliquots (4 mL) of the post-oral phase were 
removed and frozen at -18 °C. The pH of the remainder infusion was adjusted to 2 with 
HCl 5 M, and subjected to incubation in a water bath (Precision Scientific model 25, 
Chicago, USA) at 37 °C for 2 h under shaking of 100 oscillations min” in the presence 
of 1.4 mL of stomach solution (20 mg of porcine pepsin and 2 mL of 0.1 M HCl). Four 


mL of the stomach-digested infusion were removed and frozen at -18 °C after 
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mimicking the stomachic phase. Then, the pH of the infusion was adjusted to 6 with 
NaHCO; (2g 100 mL!) and 4.5 mL of intestinal solution (18 mg of pancreatin with 
112.5 mg of bile salts dissolved in 4.5 mL of NaHCO: IN). After this, the pH was 
adjusted to 7 with NaHCO: 1N and incubated for 2 h under constant shaking of 100 
oscillations min‘! at 37 °C. After that time, 4 mL was separated and frozen at -18 °C. 
For the simulation of the intestinal phase, the pH was adjusted to 7.2 with NaOH 0.5 M 
and centrifuged at 2500 g for 60 min at 4 °C. Finally, 4 mL was withdrawn and frozen 


at -18 °C. This experiment was carried out by triplicate. 


Antibacterial activity assay 

Extract preparation 

The modified protocol proposed by Guendouze-Bouchefa et al.*?, was applied to 
prepare the extacts. Aqueous and hydroalcoholic extracts (water:ethanol, 80:20 v v"') 
were prepared with 10 g of freeze — dried young guayusa leaves, since they showed 
higher phenolic content’, in 150 mL of extractant, shaken for 15 min at 15 rpm with a 


magnetic shaker (MSH, Boeco, Germany) and filtered under vacuum. 


Microorganisms 

Bacterial strains Escherichia coli ATCC 25922 and Staphylococcus aureus ATCC 
25923 were used for the screening of antibacterial activity. The cryo-stocks of each 
strain were prepared in Trypticase Soy Broth (TSB) (Merck, Germany) with 10% 
glycerol at concentrations of 5 x 10° Colony-forming-unit per mL (CFU mL’!) for E. 
coli and 5 x 10° CFU mL" for S. aureus. The inoculum concentrations for the 


experiment were: E. coli 5 x 10* CFU mL" and S. aureus 5 x 10? CFU mL". 


Assessment of the antibacterial activity 
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Antibacterial activity of the extracts was determined following the method of Jerves- 
Andrade et al.”? Briefly, the extract was analysed at decreasing concentrations of 64, 16, 
4,1 and 0.25 wg mL"! in a 96-well plate. The culture medium was TSB, and the plates 
were inoculated for 24 h at 37 °C. Ampicillin (Genfar, Colombia) was used as a positive 
control of the assay. After 24 hours of incubation, the absorbance of each well of the 
plates was measured with an ELISA microplate reader (Multiskan-EX, Thermo 
Scientific, Shanghai, China) at 405 nm. Growth-inhibitory activity was expressed as a 
mean percentage of growth inhibition with respect to a control without antibacterial 
compound. Negligible antibacterial effects were considered when the growth inhibition 


percentage was lower than 25% at the maximum concentration tested. 


Anti-inflammatory capacity 

Extract preparation 

The aqueous and hydroalcoholic extracts of young guayusa leaves were prepared under 
the same conditions that were used for the determination of antibacterial activity. After 
that, the extracts were freeze-dried and then reconstituted with methanol up to a 
concentration of 20 mg mL"!. The mixture was shaken for 24 h with a rotary stirrer. 


Finally, the extracts were sonicated at 5 °C during | h just before the assay. 


Hyaluronidase inhibition 

The protocol proposed by Sigma Aldrich*4 was used to assess the inhibitory effect of 
guayusa extracts against hyaluronidase. The effect was evaluated at decreasing 
concentrations of the extracts (50, 25, 12.5, 6.25, 3.125 and 1.562 pg mL"). The 
analysis was performed with 1.6 enzyme units 100 wL"! of phosphate buffer (300 mM). 
Five uL of each dilution was transferred to a well-plate, mixed with 66.5 uwL of enzyme 
diluent solution (20 mM sodium phosphate with 77 mM sodium chloride and 0.01% 


(w/v) bovine serum albumin, pH 7.0) and 33.5 wL enzyme solution. The ensemble was 
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homogenized and incubated at 37 °C for 10 min. After, 100 wL hyaluronic acid solution 
(0.3 mg mL! in phosphate buffer with hyaluronic acid) was added and then it was 
incubated for 45 min at 37 °C. Finally, 50 wl of each concentration was taken and 
mixed with 250 wL of acidic albumin solution (24 mM sodium acetate, 79 mM acetic 
acid with 0.1% (w/v) bovine serum albumin, pH 3.75). It was homogenized and, after 
10 min at room temperature, the absorbance at 600 nm was measured. All assays were 
performed in quadruplicate and compared with a standard of indomethacin (Sigma®) 
and acetylsalicylic acid (Merck®) at a concentration of 20 mg mL"! dissolved with a 
7.5% sodium bicarbonate solution. The percentage of inhibition was calculated by the 
ratio between the absorbance of the test with the extract at 600 nm and the absorbance 


of the maximum inhibition at 600 nm (Blank). 


Statistical analysis 

The data obtained were expressed as mean values (n = 3) + standard deviation (SD). All 
values were subjected to analysis of variance (ANOVA) with a 95% confidence level. 
Pearson’s correlation analysis was performed to corroborate the relationships between 
bioactive compounds (polyphenols and carotenoids) and antioxidant capacity, with a 95 
% confidence level. All statistical tests were conducted using STATGRAPHICS 


Centurion version XVII (Statgraphics.Net, Madrid, Spain). 


RESULTS AND DISCUSSION 

Phenolic composition 

The identified phenolic compounds in guayusa leaves by HPLC-DAD-ESI-MS? are 
presented in Table 1. Phenolic compounds in guayusa have been previously described 


by our research group in Garcia-Ruiz et al.*° A total of 14 phenolic compounds were 
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identified and quantified in both maturity stages. Nine compounds corresponded to 
hydroxycinnamic acids and derivatives, and 5 compounds were flavonoids. The 
phenolic compounds identified in guayusa leaves have been previously described in 
other species of the genus Ilex, such as Ilex paraguariensis*°, Ilex latifolia*’ and Ilex 
kudingcha’®, 

The hydroxycinnamic acid derivatives were the major constituents of the phenolic 
fraction, representing 61% and 78% of total polyphenols in young and old leaves, 
respectively (Table 2). Chlorogenic acid was the main phenolic compound found in 
both types of guayusa leaves, being its concentration higher in young leaves (7.63 g Kg” 
' DW) than in old leaves (6.51 g Kg! DW). Clifford and Ramirez-Martinez?? also 
described the chlorogenic acid as the principal constituent of the phenolic fraction in 
mate leaves. Numerous reports have stated the biological effects of chlorogenic acid, 
such as high antioxidant capacity, hepato-protective, hypoglycemic and antiviral 
activities, among others. *° 

With regard to flavonols, their total content evaluated as the sum of the content of 
individual flavonols was 3.16 g Kg"! in young leaves and 1.98 g Kg"! in old leaves. 
Quercetin-3-O-hexose was the main flavonol in young and old leaves with a 
concentration of 2.46 and 1.63 g Kg", respectively. Quercetin has shown a variety of 
biological activities, such as ROS scavenging, a protective role in auditory function and 
a reduction in apoptotic cells when was administered together with gentamicin; besides 
stimulation of insulin secretion via a mechanism of action based on an increase in 
intracellular calcium.*! 

As shown in Table 2, TPC of young leaves was 1.6-fold higher than old leaves. This 
result suggests that the maturity stage could influence on the TPC in guayusa leaves. 


Unripe plant organisms are characterized by having a higher rate of metabolite 
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biosynthesis in young tissues than in the old ones.** Hence, young plant tissues have 
higher phenolic contents since they act as chemical deterrents for herbivory and pests, 
thus protecting young vegetables and allowing their maturation and reproduction. 
Moreover, phenolic compounds are also responsible for protecting the plant from 


damaging radiations. *° 


Carotenoids content 

As secondary metabolites, the content and types of carotenoids in plants depend on 
several pre and post harvesting factors, genotype, ripening time, cultivation method and 
climatic conditions, processing. *+ As shown in Table 3, a total of seven carotenoids 
were identified in both maturity stages. In young leaves, the sum of the quantified 
carotenoids was 44 pg g! DW, while in old leaves was 39 ug g! DW. A part of lutein, o 
and B-carotenes are also in relative high concentration in guayusa leaves. Rodriguez- 
Amaya et al.*°, explain that green vegetables have a defined qualitative pattern with 
lutein, B-carotene, violaxanthin and neoxanthin as the principal carotenoids. The relative 
proportions of these carotenoids are fairly constant, but the absolute concentrations vary 
considerably. 

Lutein was the main carotenoid with a concentration of 25.72 ug g! DW in young 
leaves and 22.33 pg g! DW in old leaves. Lutein is a pigment related with the process 


36 and this may explain why this is the principal carotenoid on 


of photosynthesis 
guayusa leaves. 

Lutein is found together with zeaxanthin in the retina, apart from other tissues. Even 
lutein has no provitamin-A activity in humans, its biological activities have attracted 
great attention in relation to human health. The presence of this compound in the retinal 


tissue has been reported to reduce longitudinal chromatic aberration, as well as protect 


against cataract and age-related macular degeneration.*’ Apart from the possible 
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beneficial activity of lutein on vision, Schiinemann et al.**, reported that it is strongly 
positive associated with pulmonary function. 

Ripening allows the production of carotenoids *>, which could explain why certain 
carotenoids (Table 3) are found in higher quantity in old leaves. At the same time, 
ripening favours the degradation of chloroplasts and their photosynthetic structures, 
together with the disappearance of chlorophylls and the characteristic carotenoids of the 
chloroplasts, B - carotene, lutein and violaxanthin*’, which explains the decrease of 


these carotenoids in guayusa leaves with maturation. 


Antioxidant capacity 

Plants represent a potential source of several phytochemicals, such as polyphenols and 
carotenoids, with relevant antioxidant capacities, which were determined in guayusa 
leaves by DPPH’ and ORAC methods (Table 4). In general, guayusa showed the ability 
of scavenging DPPH’ and ORAC radicals at various degrees in both maturity stages; 
however, when this function was measured by the DPPH’ method, the overall trend of 
antioxidant capacity followed the concentration of phenolic compounds (Table 2). The 
young leaves displayed significant higher antioxidant capacity (16.19 mmol Trolox 
100g! DW). In contrast, the ripening state did not show any influence on the 
antioxidant capacity when it was measured by the ORAC method, but it was 
significantly higher ( ~ 65 mmol Trolox 100g"! DW) than the results obtained with the 
DPPH’ method. This may be due to the fact that ORAC method is based on hydrogen 
atom transfer; in consequence, guayusa leaves possess a higher peroxyl radical 
scavenging capacity. 

Antioxidant capacities obtained above must comprise a mixture of both polar and non- 
polar compounds. As shown in Table 5, polyphenols and carotenoids showed a positive 


correlation with the antioxidant capacity. Moreover, phenolic compounds where in 
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higher concentration than carotenoids (Tables 2 and 3) in both maturity stages, which 
could suggest that phenolic compounds might be involved in the high antioxidant 
capacity of the guayusa leaves; and particularly hydroxycinnamic acid derivatives 
present in major quantities in both maturity stages of the guayusa tested. Using the same 
DPPH radical methodology, Bassani et al.*°, demonstrated a direct positive correlation 


between antioxidant activity and phenolic compounds in yerba mate. 


In vitro digestibility 

This in vitro static digestion model allowed the estimation of the bioaccessibility of 
dietary polyphenols after each digestion phase, as well as their antioxidant capacity. As 
shown in Table 6, TPC decreased approximately a 59% during in vitro digestion 
process. This could be due to the sensibility of polyphenols to the changes of pH that is 
produced during digestion. The diminution of TPC on the oral-simulated digestion of 
guayusa infusion (1.08%) is in agreement with studies that have shown that most dietary 
polyphenols appear to be quite stable during oral-simulated digestion.*! 

The low pH and the presence of enzymes were the main difference between oral and 
stomachic phase, in which a drop of TPC was observed until 50% in comparison with 
the initial value. The low pH could be the responsible of the considerably diminution of 
TPC, which also might affect its biological activities. Although enzymes were part of 


the system, Silberberg et al.,*” 


explain that enzymes did not exert a negative function on 
the phenolic structures. 

In the last simulated phases, when the pH was alkalinized, the phenolic compounds 
decreased until they reach the lowest concentration, representing the 45% of the initial 


content. In this phase, the drastic variation in the chemical conditions and high pH could 


affect to the stability of some phenolic acids**, which could explain this reduction. 


This article is protected by copyright. All rights reserved. 


Accepted Article 


In vitro antioxidant assays are very useful for preliminary screening of the antioxidant 
potential of natural products, allowing better-informed food product design and useful 
interventions to improve consumer health. During in vitro gastrointestinal digestion, 
antioxidant capacity measured by ABTS:* method significantly decreased (Table 6). It 
may be possible that the pH could exert an effect of the structure of phenolic 
compounds along the digestion, which also may affect them antioxidant capacity.*+ * It 
seems that this characteristic is mainly attributed to the particular structures and 
functional groups of phenolic compounds, and not so much to the total amounts of these 
components. This behavior is corroborated by Tagliazucchi et al.,4° who demonstrated 
the reduction of ABTS:* radical scavenging related with phenolic composition of food 
matrices during gastric digestion. In this study, the 5-O-Caffeoylquinic acid was the 
main phenolic compound quantified in guayusa leaves (Table 2), and according to 
Daglia et al.*’, it is the most active fraction against free radicals, whose reduction may 
explain the drop of the antioxidant capacity. Furthermore, chlorogenic acid isomers, the 
major constituents of phenolic fraction in guayusa leaves, have proven to be very 


unstable after digestion*®, being almost degraded in aqueous infusions.” 


Antibacterial activity 

In the present study, the inhibitory effects of aqueous and hydroalcoholic guayusa 
extracts against E. coli ATCC 25922 and S. aureus ATCC 25923 were also evaluated. 
The results revealed that guayusa extracts did not exhibit any antibacterial effect for 
both strains (results not shown), which agreed with previous results reported for yerba 


mate.*° 


Anti-inflammatory activity 
As shown in Table 7, aqueous and hydroalcoholic guayusa extracts displayed an anti- 


inflammatory activity. Particularly, this activity was > 66% in both extracts, showing 
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the aqueous extract the highest inhibitory effect (131.70%). Characterization of Ilex 
species have shown the presence of several polysaccharides and relative higher contents 
of sulfuric acid.°! Wolf et al.°?, demonstrated that sulfated oligosaccharides can inhibit 
hyaluronidase by a competitive mechanism. In another study, Katsube et al.°7, isolated a 
polysaccharide from hot water extract of sporophyll of Undaria pinnatifida. The 
isolated polysaccharide was found to contain sulfuric acid and sugars such as L- 
fructose, D-galactose, and D-glucuronic acids. The sulfated polysaccharide showed 
inhibitory activity against hyaluronidase in a dose dependent manner. Therefore, it is 
possible that a group of (sulfated) polysaccharides extracted from guayusa leaves could 
be the responsible for the inhibition of hyaluronidase. 

On the other hand, it is important to emphasize that anti-inflammatory activity of 
guayusa extracts was higher than the activity exhibited by acetylsalicylic acid and 


indomethacin, individually known for their anti-inflammatory activity.*+ > 


CONCLUSION 

Guayusa ripening stage significantly influenced the content of phenolic compounds and 
antioxidant capacity (measured by DPPH’ method), with a decrease in mature leaves 
over the younger ones, but not in the content of carotenoids. On the other hand, during 
the in vitro gastrointestinal digestion, the TPC and antioxidant capacity of the guayusa 
infusion diminished, which could be due to the influence of pH conditions on the 
stability of phenolic compounds. Aqueous and hydroalcoholic guayusa extracts did not 
show any antibacterial effects against E. coli ATCC 25922 and S. aureus ATCC 25923, 
but they exhibited a strong anti-inflammatory activity by inhibiting hyalurodinase. 


Overall, the results show that young leaves of guayusa could be used as a food 


This article is protected by copyright. All rights reserved. 


Accepted Article 


ingredient as well as for the development of new anti-inflammatory therapies and 
botanical formulations. Further investigation is necessary to evaluate the bioavailability 
of phenolic compounds individually after the digestion process, as well as the 
characterization of the anti-inflammatory active compounds in preclinical and clinical 


models. 
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Table 1. HPLC — DAD — ESI/MS*? data for the phenolic composition compounds from 


guayusa leaves 


Pea Rt M- MS2 fragments Phenolic Compounds 
k (min) 


1 6.0 707*, 191 (100), 179 (42.6)** 3-O-CQA (Neochlorogenic acid) 
353 
6.6 341 179 (63.0), 135 (10.6) — Caffeoyl-hexose 


8.2 341 179 (100), 135 (10.4) Caffeoyl-hexose 


2 

3 

4 9.6 341 179 (78.9), 135 (4.9) Caffeoyl-hexose 

5 10.6 353 191 (100), 179 (4.7) 5-O-CQA (Chlorogenic acid) 
6 


12.5 707*, 191 (100), 179 (3.2) 5-O-CQA isomer 


353 
7 20.7 367 193 (51.3), 173 (0.8) 3-Feruloylquinic acid 
8 2 609 301 (100), 271 (23.1) Quercetin-3-O-rutinoside (Rutin) 
9 28.5 609 301 (100), 271 (15.2) Rutin Isomer 
10 32.5 463 301 (100) Quercetin-3-O-hexose 
11 = 34.3 463 301 (100) Quercetin-3-O-hexose 
12 36.1 515 353 (100), 191 (9.7)f, — 3,5-Dicaffeoylquinic acid 
179 (1.3) (Isochlorogenic acid) 
42.8 447 285 (100) Kaempferol-3-O-hexose 
43.7 1031*, 353 (61.4), 173 3,4-Dicaffeoylquinic acid 


515 (10.43)+ 


Rt: retention time, * Dimeric adduct, **Relative abundance (software ca. %); tBase 
Peak in MS2 (MS3 100% Rel. abun.). CQA (Caffeoylquinic acid) 
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Table 2. Phenolic composition in guayusa leaves influenced by ripening 


Concentration (g Kg"! DW) 


Young leaves Old leaves 
Total phenolics content* 33.44 + 0.482 21.42 + 0.87° 
Phenolic compounds 
3-O-Caffeoylquinic acid 4.10 + 0.29" 3.66 + 0.29" 
Caffeoyl-hexose 0.13 + 0.01 0.08 +0.01° 
Caffeoyl-hexose 0.04 + 0.01° 0.03 + 0.00a 
Caffeoyl-hexose 0.06 +0.00* 0.02 + 0.02° 
5-O-Caffeoylquinic acid 7.63 £0.54" 6.51 40.57 
5-O-Caffeoylquinic acid isomer 0.07 +0.00° 0.05 + 0.01° 
Feruloylquinic acid 0.08 + 0.008 0.06 + 0.00° 
Quercetin-3-O-rutinoside (Rutin) 0.15 + 0.00 0.07 + 0.01° 
Rutin isomer 0.26 + 0.01? 0.15 + 0.02° 
Quercetin-3-O-hexose 1.01 + 0.074 0.71 + 0.08° 
Quercetin-3-O-hexose 1.45 + 0.084 0.92 + 0.06° 
3,5, Dicaffeoylquinic acid 7.12 + 0.48* 5.37 + 0.43° 
Kaempferol-3-O-hexose 0.29 + 0.01 0.13 + 0.03° 
3,4, Dicaffeoylquinic acid 1.12 + 0.098 0.93 + 0.08° 


* Total phenolics content, by Slinkard and Singleton method, is expressed as mg of 
gallic acid equivalents per g. 

a—b Mean values with different letter on the right in the same row indicate statistically 
significant differences among the maturity stage of the leaves (p<0.05). 

(n= 3) 
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Table 3. Carotenoid composition in guayusa leaves influenced by ripening 


Concentration (ug g! DW) 


Young leaves Old leaves 

Total carotenoids* 44.00 + 8.88? 38.92 + 7.62° 
Xanthophyll 

Neoxanthin 1.79+0.59* 1.94 + 0.42? 
Violaxanthin 2.13 £0.78? 1.75 40.37" 
Lutein 25.72 + 6.46° 22.33 + 2.938 
Carotenes 

o — carotene 7.76 + 1.348 6.35 + 0.56° 
cis & — carotene 2.01 + 0.76? 2.38 + 0.01? 
B — carotene 4.06 + 1.06 3.65 + 0.49" 
cis B — carotene 0.55 + 0.13* 0.52 + 0.04" 


*Total carotenoids, by RRLC, is expressed as ug per g. 
a Mean values with same letter on the right in the same row indicate no statistically 
significant differences among the maturity stage of the leaves (p <0,05). 


Table 4. Antioxidant capacity in guayusa leaves influenced by ripening 


Antioxidant capacity 
(mmol Trolox 100g"! DW) 


Young leaves Old leaves 
DPPH 16.19 + 0.373 12.47 + 0.85° 
ORAC 69.88 + 7.498 61.38 + 6.55* 


a-—b Mean values with different letter on the right in the same row indicate statistically 
significant differences among the maturity stage of the leaves (p<0.05). 


Table 5. Pearson’s correlation coefficients (r) between bioactive compounds 
(polyphenols and carotenoids) of young and old guayusa leaves and its antioxidant 
capacity (DPPH and ORAC). 


Samples 
Young leaves Old leaves 
DPPH 1.00 1.00 
ORAC 1.00 1.00 


Significant at p < 0.05 


This article is protected by copyright. All rights reserved. 


Accepted Article 


Table 6. Effect of simulated gastrointestinal process on the phenolic composition of 
guayusa infusion and their antioxidant capacity at the beginning and after the final step 


: : Total phenolics content* Antioxidant capaci 
Gastrointestinal phase (2 mn AE Ke" DW) (anol Trolox ew) 
Initial 7.12 + 1.02? 1.8 + 0.864 
Oral 7.04 + 0.212 
Stomachic 3.67 + 0.32° 
Intestinal 3.22 +0.41> 
Final 2.92 + 0.10° 0.21 +0.017° 


* mg of gallic acid equivalents per g of dry weight. 

® Antioxidant capacity, by ABTS-* method is expressed as mmol Trolox per g. 

a-—b Mean values with different letter on the right in the same row indicate statistically 
significant differences among the different phases of in vitro gastrointestinal digestion 
(p<0.05). 


Table 7. Percentage of hyaluronidase inhibition with guayusa young leaves extracts and 
commonly used anti-inflammatory drugs 


Guayusa extract Controls 
Hydroalcoholic Aqueous sige acs Indomethacin 
50ug/mL 66.82 + 7.75% 131.70+6.62° | 54.6041.70°  74.66+5.34° 
25ug/mL 62.95+9.77% 95.52 412.28" | 58.32+2.90? 67.76+0.678 
12.5ug/mL 56.3043.51° 83.13 43.84% | 52.00+7.89° 66.23 +3.77° 


6.25ug/mL 55.1343.44% 68.38+0.45* | 51.9147.63° 63.16+2.02% 
3.125ug/mL 52.8741.13" 63.654 2.43" | 55.3041.90° 61.62 + 3.988 
1.562ug/mL 49.48+ 1.06% 58.6445.19* | 52.82+46.94* 60.93 + 9.76* 


a—c Mean values with different letter on the right in the same row indicate statistically 
significant differences among the tested anti-inflammatories (p<0.05) 
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